Results:
The 21-day trial was completed by 29 of 35 subjects randomized to receive tamoxifen (83%) and 21 of 31 given placebo (68%) (P =. 25) . Intent-to-treat analysis of available measures on all 66 subjects indicated that tamoxifen treatment yielded mean decreases in scores on the YMRS and Clinical Global Impressions-Mania of 5.84 and 0.73 point per week, respectively, compared with mean increases of 1.50 and 0.10 point per week, respectively, with placebo; both drug-placebo contrasts differed significantly (P Ͻ.001).
Conclusions: Tamoxifen demonstrated antimanic properties and was remarkably well tolerated. The findings encourage further clarification of the role of PKC in the pathophysiologic mechanism of bipolar I disorder and development of novel anti-PKC agents as potential antimanic or mood-stabilizing agents.
Trial Registration: clinicaltrials.gov Identifier: NCT004 11203 and isrctn.org Identifier: ISRCTN97160532 Arch Gen Psychiatry. 2008; 65(3) : [255] [256] [257] [258] [259] [260] [261] [262] [263] P ROTEIN KINASE C (PKC) IS A family of enzymes that phosphorylate neurotransmitter receptors, intracellular signaling molecules, transcription factors, and cytoskeletal proteins. 1 Protein kinase C translocates from cytosol to the cell membrane on activation by diacylglycerol or its analogues. [1] [2] [3] Several lines of evidence implicate abnormal PKC activity in bipolar disorder (BPD). Higher basal and stimulation-induced PKC activity has been found in platelets of manic patients than in those of normal control sub-jects. [4] [5] [6] Associated increases in the ratio of platelet PKC membrane to cytosol in response to chemical stimuli were diminished after long-term treatment of patients with BPD with lithium carbonate or divalproex sodium. 4, 6 Postmortem studies have found higher basal and stimulation-induced PKC activity in frontal cortex tissue from patients with BPD than in frontal cortex tissue from normal controls. 7, 8 Long-term treatment of rats with lithium carbonate or valproate sodium decreased cytoplasm-to-membrane translocation of PKC and reduced PKC stimulation-induced release of serotonin from cerebral cortical and hippocampal tissue. 1, [9] [10] [11] Psychostimulants, which can trig-ger manic episodes in susceptible persons and induce manialike excited behaviors (eg, motor hyperactivity, increased consumption of reward, and increased conditioned place preference) in rodents, activate PKC. 12 Disruption of PKC function in the nucleus accumbens and ventral tegmental area of forebrain results in blockade of manialike behaviors in animal models, similar to the effects of antimanic and mood-stabilizing drugs including lithium carbonate and divalproex. 3, 12, 13 Studies in PKC-␥ knockout mice showed reduced morphine-induced conditioned place preference, and PKC-ε knockout mice demonstrate reduced ethanol self-administration. 12, 14 Also, high PKC activity in prefrontal cerebral cortex has been associated with impaired behavioral and electrophysiologic measures of working memory in nonhuman primates. 15 Pretreatment of monkeys and rats with lithium carbonate or valproate and the PKC inhibitor chelerythrine blocked such impairment of working memory. 15 These findings suggest that excessive PKC activation can disrupt prefrontal cortical regulation of behavior, possibly contributing to such dysfunctions as distractibility, impaired judgment, impulsivity, and disorganized thought disorder, all of which are characteristic of patients with BPD, particularly when manic. 15 These preclinical findings strongly suggest that PKC signaling in brain represents a highly plausible target for mood-stabilizing drugs.
Tamoxifen (Figure 1) is a selective estrogen receptor modulator, widely used in the prophylactic treatment of breast cancer. 16, 17 It is also the only known centrally active PKC inhibitor available for human use. 16, 17 In rodents, tamoxifen has significantly reduced amphetamine-induced hyperactivity, normalized amphetamineinduced visits to the center of an open field (risk-taking behavior), and reduced hedonialike amphetamineinduced conditioned place preference. 18 There is also preliminary clinical experience with tamoxifen for the treatment of manic patients. A single-blind, 4-to 15-day, pilot trial of 5 manic men and 2 manic women given tamoxifen citrate (20-80 mg/d), with or without other psycho-tropic medications, suggested antimanic effects. 16 A small double-blind, controlled trial adding tamoxifen citrate (n=5; 40 mg/d), medroxyprogesterone acetate (n=4), or placebo (n=4) to lithium carbonate or divalproex treatment for 4 weeks in manic women found greater antimanic effects with tamoxifen than with placebo or medroxyprogesterone. 17 Given this background, we now report on results of a randomized, double-blind, placebocontrolled trial adequately powered to test the efficacy of tamoxifen in the treatment of mania.
METHODS

SUBJECTS
Patients aged 18 to 60 years, diagnosed as having DSM-IV type I BPD currently in a manic or mixed episode, with or without psychotic features, were admitted to the psychiatric inpatient unit at Dokuz Eylü l University Medical Center in Izmir, Turkey, for this single-site trial. Study subjects were recruited between April 7, 2003, and June 28, 2006 , from all over Turkey; often, these patients were seeking expert evaluation and treatment for illnesses that had not responded well to previous treatment efforts. Diagnoses were based on the Structured Clinical Interview for DSM-IV, 19 administered by one of us (A.Y.), and on all other clinical information available from medical records and family interviews. After approval of the study protocol by the Turkish Ministry of Health Central Review Board and the Local Ethical Committee of the Dokuz Eylü l University Medical Center, the study was reviewed with each potential subject and at least 1 first-degree relative, both of whom gave written informed consent for participation.
Subject screening included medical and psychiatric history, physical examination, and laboratory assays of serum hepatic enzymes, thyrotropin, human chorionic gonadotropin, urea nitrogen, and creatinine, and screening for substance abuse, as well as routine hematologic and chemical studies. In view of ethical, clinical, and safety considerations, a protocolrequired drug-free period was limited to 1 day before randomization (benzodiazepines were continued to the day of randomization and converted to equivalent doses of lorazepam, later adjusted clinically), although some patients had been unmedicated for longer times, as indicated later in this article.
Subject inclusion criteria were (1) diagnosis of type I BPD in a current episode of mania or mixed state, all meeting DSM-IV diagnostic criteria; (2) age 18 to 60 years; and (3) Young Mania Rating Scale (YMRS) 20 total score greater than 20 found twice at screening and baseline. Subjects were excluded for (1) being or planning to become pregnant, or breastfeeding; (2) history of coagulopathy, deep vein thrombosis, or pulmonary embolus; (3) known sensitivity to tamoxifen; (4) presence of any substance of abuse at screening, active substance abuse within 2 weeks, or substance dependence within 2 months; (5) DSM-IV diagnosis of schizophrenia, dementia, delirium, seizure disorder, obsessive-compulsive disorder, or International Statistical Classification of Diseases, 10th Revision major and clinically unstable cardiac, hepatic, or renal disease; (6) use of any other investigational drug within 30 days; and (7) current clinically significant suicidal or homicidal ideation or plans.
TREATMENT
Subjects entering the study were randomly assigned 1:1 to receive tamoxifen or identical placebo tablets in double-blind fashion for 3 weeks, with computer-generated codes used to create randomization kits (prepared by ARGEFAR Corp, Izmir, a contract research organization). The starting dosage of tamoxifen citrate was 20 mg twice daily (40 mg/d). Thereafter, daily doses were adjusted upward by 10 mg to achieve 80 mg/d in twice-daily divided doses for all subjects; similar tablet-count adjustments were applied to placebo dosing, based on pairing of tamoxifen-and placebo-treated subjects by a computergenerated random schedule. Concomitant use of oral lorazepam (2.5-mg rapidly dissolving tablets) was allowed during the study as clinically indicated, up to a protocol-defined maximum of 5 mg (2 tablets) per 24 hours. In addition, use of lorazepam was avoided after the initial 12 days whenever possible and was not given within 12 hours of scheduled mania ratings. Subjects experiencing symptomatic worsening and agitation not controlled by study medications were "rescued" with risperidone but dropped from the protocol, and ratings from their last assessment before the rescue intervention were included for analysis.
CLINICAL MANAGEMENT
For safety, and owing to the severity of their initial illnesses, all subjects were hospitalized throughout the 3 weeks of the trial and were discharged thereafter only if their Clinical Global Impressions-Bipolar Version Severity of Mania (CGI-Mania) 21 score was 3 or less and they had a 50% or greater reduction in their YMRS scores from baseline. To maximize subject retention and protocol adherence, at least 1 close adult relative remained in the hospital with each patient throughout the trial, and patients were provided individualized food preferences and enriched recreational activities.
CLINICAL ASSESSMENT
Assessment ratings included the YMRS, CGI-Mania, 17-item Hamilton Depression Rating Scale (HAMD-17), 22 Montgomery-Å sberg Depression Rating Scale (MADRS), 23 and Positive and Negative Syndrome Scale (PANSS) 24 for psychotic symptoms, as well as an ad hoc adverse effect questionnaire. The rating scales were administered in semistructured interviews each week.
All ratings were carried out by 1 of us (A.Y.), who had been certified in the use of each rating scale by the Massachusetts General Hospital Bipolar Disorder Research Program (Boston, Massachusetts), demonstrated high reliability (intraclass correlation coefficient, Ն0.90), and who was held blind to treatment but considered all available clinical information on symptomatic status. The rater attempted to guess treatment assignments at the end of the study while unaware of the assigned treatments. Vital signs were monitored and recorded daily, and weight was monitored weekly.
POWER CALCULATIONS
Response was defined as a 50% or greater reduction in YMRS total score from baseline to 3 weeks. Response was used to estimate required study sample size based on power calculations to achieve 80% power to detect a difference of 40%, assuming 15% and 55% response rates for placebo and tamoxifen, respectively, and a 28% to 30% dropout rate, and using exact power for the Fisher exact test at a 2-tailed ␣ level of 5%. On the basis of these considerations, randomization kits were prepared for 70 subjects. Remission to virtual euthymia was defined as achieving a final YMRS total score of 12 or less at 3 weeks.
DATA ANALYSIS
We used 2 and 2-sample t tests to compare baseline categorical and continuous characteristics between treatment arms, and the Wilcoxon nonparametric test to compare pretrial medicationfree days. Response and remission rates were compared by Pearson 2 with continuity correction at week 3, and at the end point for subjects with 1 or more postbaseline observations. Numbers needed to treat (NNTs) for measures of response and remission, defined as the number of patients required to treat to prevent a single nonresponse (or nonremission), were calculated as the inverse of the placebo minus tamoxifen nonresponse (or nonremission) rates. The primary outcome measure was weekly change in YMRS; this measure, as well as weekly change in all other scores (CGI-Mania, PANSS, HAMD-17, and MADRS), were analyzed under the intent-to-treat principle based on normal linear mixedeffect models for longitudinal data fit by maximum likelihood. These models contained 4 fixed parameters and 2 random effects. The fixed parameters included an intercept, a parameter for the effect of week on study (baseline and weeks 1, 2, and 3), treatment arm (tamoxifen vs placebo), and an interaction between treatment arm and week of study. Random intercept and week effects, 1 per subject, were also included, and these were assumed to follow a normal distribution with mean 0 and variance covariance matrix D. Covariates, such as age at randomization, age at onset, and sex, were tested for inclusion in the model, each separately, as either a main effect or an interaction with study week and included in the model when statistically significant (PϽ.05). The linear mixed model analyses, based on all 66 randomized participants and all available data, were valid under a missing-at-random data mechanism, which implies that the probability of dropout at any time point depends only on observed outcome measures up until the time point. 25, 26 Results from the intent-to-treat linear mixed model are presented as average change in ratings per week of study with standard error for each study arm (parameter for the covariate week for the placebo arm vs the sum of the parameters for covariates week and interaction between week and treatment arm for the tamoxifen arm), with P values for a test of the null hypothesis of no difference in average change between treatments. Cohen d (CD) measure of effect size for the difference between tamoxifen and placebo was defined as the difference in average change per week between placebo and tamoxifen divided by the standard deviation of change per week for an individual patient and was estimated from parameter estimates from the mixed model, with standard deviation estimated from the asymptotic variance-covariance matrix of the parameters from the mixed model. All statistical tests required 2-sided PϽ.05 for significance.
RESULTS
PATIENT CHARACTERISTICS
A total of 66 patients (Figure 2 ), all with normal results of baseline screening medical assessments and laboratory values, were randomized to receive tamoxifen (n=35) or placebo (n=31); 16 dropped out before completion of the 21-day protocol, for a completion rate of 76% overall (68% [21 of 31] with placebo and 83% [29 of 35] with tamoxifen; 2 1 =1.31, P =.25). Subjects randomized to receive tamoxifen and placebo were well matched at baseline for demographic and clinical characteristics and initial symptom ratings ( Table 1 and Table 2 ). However, tamoxifen-treated subjects were somewhat less likely to have received psychotropic medicines in the month before randomization, with more medication-free days ( Table 1 ).
TREATMENT EFFECTS
The intent-to-treat assessments of changes in symptom ratings indicated statistically significant differences between the treatment arms per week of the trial (Table 2, Figure 3 ). Patients randomized to receive tamoxifen experienced an average (SE) decrease of 5.84 (0.64) YMRS points per week, whereas among placebo-treated subjects ratings increased slightly, by 1.50 (0.73), a statistically significant difference (t 157 = −7.59, P Ͻ .001, CD=1.05 [0.14]). Moreover, responses with tamoxifen were consistently superior to those with placebo on individual YMRS items ( Table 3) .
Changes in CGI-Mania scores (a principal secondary outcome measure) followed similar patterns, changing by −0.73 (0.09) point per week with tamoxifen vs ϩ0.10 (0.10) with placebo (t 157 = −6.00, P Ͻ .001, CD = 0.77 [0.13]).
Among other secondary outcome measures, PANSS total scores, which are likely to reflect manic as well as psychotic symptoms, also showed greater improvement with tamoxifen (−6.79 [1.10] We also performed mixed-model analyses adjusting for baseline mania and depression ratings, age at onset, current age, and sex, and none had a significant effect on the contrast of responses during treatment with tamoxifen vs placebo. Using a logistic model with randomization to tamoxifen vs placebo as the dependent variable, we also found no effect of relevant covariates descriptive of the subject sample on the randomization process, except age at onset ( Table 4 ). We also tested for effects of possibly relevant covariates on treatment response and found randomization to tamoxifen, more weeks in treatment, higher initial mania score, and less use of lorazepam to be statistically significantly associated, with a modest effect of younger current age and a higher initial MADRS score, but no effect of days without psychotropic treatment before the trial or of sex ( Table 5 ). 
RATES OF RESPONSE AND REMISSION
Rates of response (patients with Ն50% reduction in YMRS scores from baseline to trial completion at 3 weeks) were 48% (14 of 29) with tamoxifen vs 5% (1 of 21) with placebo ( 2 1 =9.01, P = .003, NNT = 2.30). Responder rates at the end point were 44% (14 of 32) with tamoxifen vs 4% (1 of 26) with placebo ( 2 1 = 9.92, P = .002, NNT=2.51). Moreover, among subjects given no mood-stabilizer treatment during the week before randomization, 46% (12 of 26) responded with tamoxifen vs 5% (1 of 22) with placebo at the end point ( 2 1 =8.45, P=.004). Finally, for subjects free of all psychotropic medicines during the week before randomization, corresponding rates of responders were 61% (11 of 18) with tamoxifen vs 10% (1 of 10) with placebo ( 2 1 = 4.93, P = .03). Rates of clinical remission (YMRS score Յ12 after completing the 3-week trial) were 28% (8 of 29) with tamoxifen vs none (0 of 21) with placebo ( 2 1 = 5, P = .03, NNT=3.63). Rates of euthymia at end point were 25% (8 of 32) with tamoxifen vs none (0 of 26) with placebo ( 2 1 =5.58, P=.02, NNT = 4). No patient achieved remis-sion or even clinical response (Ն50% improvement) before day 21 of the trial.
ADVERSE EVENTS
Two patients experienced a serious adverse effect during the trial in that one given tamoxifen (at day 18) and another given placebo (at day 13) attempted suicide; neither was in a mixed state or depression, but in both patients, suicidal thinking was closely associated with delusions. Adverse events of minor or moderate severity were noted in similarly low rates in both trial arms: 7 of 35 tamoxifen-treated patients (20%) and 3 of 31 placebo- Abbreviations: CI, confidence interval; MADRS, Montgomery-Å sberg Depression Rating Scale; YMRS, Young Mania Rating Scale. a Treatment response (percentage change per week in total YMRS score from intake to last assessment) was strongly associated with randomization to tamoxifen even with adjustment for stated covariates, as well as with longer treatment exposure, higher initial mania scores, and less need for adjunctive lorazepam; weakly associated with higher initial depression score; and unrelated to days without treatment before randomization and to sex. treated subjects (10%) ( 2 1 = 1.36, P = .24). Their complaints included dermatologic changes and other nonspecific somatic symptoms. With tamoxifen these were headache (2 cases), worsening of acne (2), dry skin (1), urticaria (1), flushing (1), and loss of appetite (1); placeboassociated symptoms were eczematous rash, excessive sweating, and headache (1 case each). Body weight was similar at randomization to tamoxifen (mean [SD], 73.4 [18.0] kg) and placebo (69.8 [11.1] kg). Both groups experienced similar, minor weight losses during the trial (tamoxifen, 0.23 ± 0.11 kg/wk; placebo, 0.29 ± 0.12 kg/ wk). Finally, there were no consistent changes in blood pressure, pulse rate, or laboratory values during the trial in either treatment group. COMMENT This is, to our knowledge, the first reported randomized, double-blind, placebo-controlled trial with adequate statistical power to test for antimanic effects of tamoxifen. The study was encouraged by an earlier singleblind pilot trial 16 and a small trial of adding tamoxifen or placebo to standard antimanic treatments. 17 Similar to lithium carbonate and valproate, which also have anti-PKC effects, tamoxifen was effective in men and women in manic or mixed states, with excellent tolerability (Tables 2, 3 , 4, and 5; Figure 3 ). 27 Our findings require replication and encourage further consideration of novel agents with central anti-PKC activity.
The antimanic properties of tamoxifen may be mediated by pharmacodynamic effects related to inhibition of cerebral PKC, as suggested by findings summarized in the introduction to this article. Secondary effects of PKC inhibition include attenuated stimulation of adenylyl cyclase, 28 downregulation of myristoylated alanine-rich Ckinase substrate, 1, 29, 30 inhibition of glycogen synthase kinase-3␤, 31, 32 and regulation of gene expression by activator protein 1. 1, 28, [33] [34] [35] [36] [37] In addition, the antiestrogenic activity of tamoxifen might decrease PKC activity indirectly, whereas estrogens, which increase PKC activity in the brain, may exacerbate mania and increase risk of postpartum episodes of BPD. [38] [39] [40] Response rates (Ն 50% improvement of mania ratings, typically within 3-4 weeks) in short-term trials of lithium carbonate and divalproex have been consistently 46% to 52%, 27 similar to the 48% rate observed in this trial of tamoxifen. In previous pilot studies of tamoxifen, response rates in mania were even higher, 71% within 2 weeks 16 and 80% within 4 weeks, 17 as might be expected in less well-controlled circumstances. A recent pilot study with 16 manic patients at the National Institute of Mental Health found changes in YMRS scores that were similar to the present findings (−18.3 [4.29] with tamoxifen and ϩ4.67 [4.08] [slight worsening] with placebo over 3 weeks). 41 Responses in the placebo arm of the present trial were remarkably poor compared with most other short-term, controlled trials in mania, 42, 43 although differences in improvement with drug vs placebo were similar to the present findings. [43] [44] [45] [46] Only 5% of our subjects randomized to placebo showed 50% or greater improvement in YMRS scores, with an overall nonsignificant mean increase in final YMRS scores of 7.8% ( Table 2 ). Unfavorable outcomes with placebo may be attributable in part to 5 "outliers" with major worsening (by 34%-85%) of YMRS scores. These unusual subjects were very ill and had received antipsychotic medications at chlorpromazineequivalent daily doses of 1390 [SD, 680] mg, sometimes along with lithium carbonate at 1000 mg/d (3 cases) or divalproex sodium at 2000 mg/d (1 case), up to 21 days before randomization. These conditions may well have contributed to their worsening without the protection of an effective antimanic agent and might have contributed to the contrast in responses to tamoxifen vs placebo. However, by comparison, there also were at least 6 similarly previously treated and very ill patients in the tamoxifen arm, but they showed substantial improvements in mania ratings (by 51%-90%).
In previous trials in mania (averaging 3 weeks), involving varied numbers of collaborating sites, response rates in placebo arms have averaged about 23%. 42 However, in other single-site trials in mania, placebo-associated response rates have averaged only 11%, 44, 45, 47 with slight symptomatic worsening with placebo in both the present and new National Institute of Mental Health single-site trials. 41 Thus, the poor response to placebo may be associated with a hard-to-treat population likely to be found in single-site studies in contrast to large multisite studies. These observations suggest that local differences in subject characteristics or circumstances of treatment can affect outcomes, even in randomized trials. For example, most of our subjects had been referred for study specifically for having been proved difficult to treat by their referring physicians. Their initial YMRS ratings (averaging 38 and as high as 49 of a maximum possible score of 60) were high, as was the prevalence of psychotic features (67%). Particular features of the present trial also may have influenced placebo-associated outcomes. First, we sought to limit potential unreliability of clinical assessments based on relatively infrequent (weekly) selfreports 48 by including daily clinical assessments by investigators and observations by clinical staff and family members remaining with each subject throughout the trial, all of which may have influenced the reported formal weekly assessments. Second, efforts to limit dropouts included an enriched environment, with individualized diets, extra recreational activities, and daily presence of family members, resulting in completion rates of 83% with tamoxifen and 68% with placebo, which are at least as high as in other comparable trials. 46, [49] [50] [51] However, such environmental enrichment might also have been overstimulating to some, especially unmedicated, subjects, and it is conceivable that blinding was compromised by the unusually detailed, daily knowledge of each subject. However, this potential confound seems unlikely because the blinded rater guessed the assigned treatments at less than chance levels.
It is also likely that pharmacodynamic "carryover" and "discontinuation" effects of recent pretrial treatment influence outcomes in such short-term trials. Such effects would, however, be expected to exert competing lessening or enhancing of responses to either tamoxifen or placebo, with an indeterminate net impact. 27, 52, 53 For ex-ample, relatively abrupt discontinuation of previous medication might contribute to low levels of improvement with placebo but might also tend to limit benefits of tamoxifen. Many subjects randomized to receive placebo (68%) or tamoxifen (49%) had recently been exposed to antimanic or antipsychotic treatments (Table 1) . However, we found that the number of days without antimanic medication was unrelated to treatment response ( Table 5 ). Most contemporary trials involving acute, major mental illnesses involve relatively brief "washout" and treatment-free run-in periods, typically of only several days. 46, 49, [54] [55] [56] Nevertheless, redesign of such trials so as to minimize drug-discontinuation or carryover effects would require slow and prolonged discontinuation of previous treatments and prolonged drug-free periods and raise major clinical and ethical concerns, but they would also lack empirical guidance as to the optimal conditions required.
Finally, it is important to underscore a major limitation of all such short-term trials of innovative treatments for mania: they may demonstrate technical "efficacy" (greater symptomatic improvement than with placebo) but usually are too brief to quantify clinically important rates of syndromal, symptomatic, or functional recovery, which typically evolve over several months. 57 In the present trial, 88% of all subjects remained symptomatic at the end of 3 weeks; even with tamoxifen, the 3-week YMRS score averaged 20.3 (11.2), or 53% of the baseline average of 38.6 (5.0).
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